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MEMORANDUM FOR F I L E  

A communications s a t e l l i t e  t e rmina l  has been 
t e n t a t i v e l y  approved f o r  i n s t a l l a t i o n  on t h e  Sa turn  Workshop 
(SWS). T h i s  t e r m i n a l  w i l l  provide voice  and d a t a  between 
t h e  E a r t h  and t h e  SWS us ing  t h e  I n t e l s a t  I V  communications 
s a t e l l i t e  a s  a r e l a y .  T h i s  no te  provides  o p t i o n s  on t h e  
implementation of  t h i s  t e r m i n a l :  these op t ions  cover t h e  
desired conf igu ra t ion  as w e l l  as o t h e r s  t ha t  are f e l t  t o  be 
cheaper  t o  implement. Ten ta t ive ly  i d e n t i f i e d  as r equ i r ed  
communications func t ions  are: 1) duplex voice, 2 )  updata ,  
and 3 )  t h r e e  modes of down l i n k  te lemet ry  inc lud ing  a )  72 kbps 
(ATM real  t i m e  t e l e m e t r y ) ,  b )  51.2 kbps (AM o r  CSM real  t i m e  
telemetry),  and c) 1 . 6 ,  4 .0 ,  and three 5.12 kbps b i t  streams 
simultaneously (these rep resen t  t h e  i n p u t s  t o  t h e  va r ious  
o r b i t a l  assembly t a p e  r e c o r d e r s ) .  These three data modes are 
t o  be provided one a t  a t i m e  s imultaneously w i t h  two-way voice 
and up da ta .  

For t h e  purposes of t h i s  memorandum, t h e  t e rmina l  t o  
be implemented on t h e  SWS i s  assumed t o  c o n s i s t  of an 11 f o o t  
d iameter  antenna and a 20-40 w a t t  t r a n s m i t t e r  for  each l i n k  t o  
be t r ansmi t t ed .  Prel iminary i n v e s t i g a t i o n s  on modulation 
techniques  show a s impler  and probably m o r e  e f f i c i e n t  system i s  
one us ing  two r f  carriers t o  and from t h e  SWS. The  t w o  up l i n k s  
provide  voice on one carrier and up data on t h e  second: t h e  t w o  
down l i n k s  s i m i l a r l y  provide voice on one carrier and t e l eme t ry  
on the second. I n  a d d i t i o n  t o  obv ia t ing  mul t ip l ex ing  and 
demul t ip lex ing  a s s o c i a t e d  w i t h  t h e  use of a s i n g l e  carrier, t h i s  
arrangement could provide inhe ren t  redundancy i f  the t r a n s -  
m i t t e r s  and receivers are implemented t o  handle  e i t h e r  vo ice  or 
da ta .  A l s o  assumed i s  a two band c a p a b i l i t y  f o r  each t r a n s -  
m i t t e r  and r ece ive r .  That i s  i n  t h e  even t  of f a i l u r e  of t h e  
normal I n t e l s a t  I V  t ransponder ,  t h e  te rmina l  on the  SWS can  be 
switched t o  ope ra t e  w i t h  another  I n t e l s a t  t ransponder  t h a t  w i l l  
have been des igna ted  by Comsat p r i o r  t o  t h e  mission.  T h i s  
c a p a b i l i t y  also enhances the t e rmina l  r e l i a b i l i t y  and provides  
f o r  an I n t e l s a t  I V  f a i l u r e .  I t  i s  envis ioned t h a t  t h i s  dua l  
frequency band c a p a b i l i t y  could be implemented w i t h  t w o  sets of 
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ABSTRACT 

A b r i e f  d e s c r i p t i o n  of  the  proposed communications 
t e r m i n a l  t h a t  would a l l o w  r e l a y  of voice and d a t a  between t h e  
Sa turn  Workshop and Ear th  using t h e  I n t e l s a t  I V  Communications 
Sa te l l i t e  i s  presented .  A l t e r n a t i v e s  t o  t h e  proposed system, 
t h a t  appear  less c o s t l y  t o  implement, are presented f o r  
cons ide ra t ion  i n  determining t h e  f i n a l  c o s t  and schedule  
impact a s s o c i a t e d  w i t h  t h e  development of the  t e rmina l  f o r  
AAP-1. These a l t e r n a t i v e s  inc lude  providing vo ice  from one 
p o i n t  only i n  the O r b i t a l  Assembly (OA) a s  opposed t o  i n t e r -  
f a c i n g  wi th  the OA audio h a r d l i n e  system; reduct ion  i n  the 
number of  d a t a  modes by e l imina t ing  some of t h e  b i t  streams 
t h a t  i n t e r f a c e  wi th  t h e  te rmina l  and i t e r a t i n g  on t h e  t e r m i n a l  
des ign  parameters ,  f o r  example, antenna s i z e ,  t r a n s m i t t e r  
powers and mul t ip lex ing  and modulation methods, as a func t ion  
of cost. 
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c r y s t a l s  for  each r ece ive r  and t r a n s m i t t e r  and poss ib ly  t w o  
band pass  f i l t e r s  f o r  t h e  transmitters. The te rmina l  then 
would c o n s i s t  of t w o  receivers, t w o  t r a n s m i t t e r s  wi th  25 w a t t s  
nominal ou tput  power and an 11 f o o t  antenna. Reference 1 
provides  assumed modulation techniques and te rmina l  r equ i r e -  
ments f o r  t h e  f i r s t  two te lemetry modes mentioned earlier 
(51.2 o r  72 kbps i n  conjunct ion wi th  up d a t a  and duplex voice)  
a s  w e l l  as the voice and up da ta  l i nk .  

The t h i r d  mode (5 low r a t e  b i t  streams) has  n o t  u n t i l  
now been evaluated.  There a re  two poss ib l e  mul t ip lex ing  
techniques namely t i m e  d iv i s ion  mul t ip lex ing  (TDM) , i .e.  (1) 
combining a l l  f i v e  b i t  streams i n t o  one and t r a n s m i t t i n g  a t  
approximately 25 kbps,  o r  ( 2 )  frequency d i v i s i o n  mul t ip lex ing  
where  each b i t  stream modulates i t s  own s u b c a r r i e r  and then 
t h e  summation of t h e  f i v e  s u b c a r r i e r s  modulates t h e  r f  carrier. 
I f  TDM i s  used, it i s  obvious t h a t  t h e  proposed t e rmina l  i n  
Reference 1 i s  s u f f i c i e n t .  I f  FDM is  used, t h i s  i s  n o t  so 
obvious . 

Two approaches a r e  poss ib l e  w i t h  t h e  FDM method - one 
would be t o  use s tandard  I R I G  s u b c a r r i e r s  and t r a n s m i t  i n  a 
PCM/FM/FM or  PCM/PM/FM mode o r  use non s tandard  s u b c a r r i e r s  and 
t r a n s m i t  i n  a PCM/PM/FM mode. F M  i s  proposed a s  t h e  r f  c a r r i e r  
modulation because of i t s  l e s s o r  impact a t  t h e  I n t e l s a t  Ear th  
s t a t i o n .  (They a l ready  have FM receivers, however it is  
proposed t o  use P M  f o r  t h e  high rate channels which w i l l  
r e q u i r e  a t  least a new demodulator.) Assuming t h e  use of I R I G  
subcarriers and at tempting t o  m i n i m i z e  t h e  baseband bandwidth 
l eads  t o  t h e  baseband s t r u c t u r e  shown i n  Table I. 

B i t  Stream 

R a t e  - 

TABLE I - AAP - INTELSAT 
DATA MODE 3 - BASEBAND SIGNAL 

Source Subcar r ie r  

5 . 1 2  kbps AM T/R Input  Baseband 
1 .6  kbps CSM Low Rate 10.5 kHz 
4 . 0 kbps ATM T/R Input  30.0 kHz 
5.12 kbps AM T/R Input  40.0 kHz 
5.12 kbps AM T/R Input  52 . 5 kHz 

I V  
D E S I G N  

Subca r r i e r  I R I G  
Bandwidth Channel 

N/A N/A 
1575 Hz 12 
4500 Hz 15 
6000 Hz 1 6  
7875 Hz 1 7  
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It i s  apparent  from Table I ,  even wi thout  any r igo rous  
c a l c u l a t i o n s  t h a t  a minimum channel requirement would be some- 
t h i n g  l i k e  1 0  dB i n  a bandwidth of 150 kHz or  greater. 1 0  d B  i s  
r equ i r ed  t o  ope ra t e  t h e  Earth s t a t i o n  demodulator a t  t h r e s h o l d  
or above and 150 kHz requi red  as a minimum r f  bandwidth t o  pass  
t h e  I R I G  channel 1 7  s u b c a r r i e r .  This  can be t r a n s l a t e d  t o  a 
C/No of a t  least  61.8 dB-Hz. 
i n  Reference 1 f o r  t h e  72 kbps channel requirements and t h i s  
does n o t  i nc lude  any margin. (This imp l i e s  a t r a n s m i t t e r  power 
i n c r e a s e  t o  50 w a t t s  o r  an antenna diameter  increase t o  about  
1 6  feet . )  Using new s u b c a r r i e r  f requencies  i n  a PCM/PM/FM mode 
t h e o r e t i c a l l y  might reduce t h i s  requirement by 3 dB; however a 
very  cursory  eva lua t ion  of a mode of t h i s  type  shows l i t t l e  or  
no improvement. 

Th i s  i s  2 dB more than i s  i n d i c a t e d  

Although the use of TDM i s  very a t t r a c t i v e ,  experience 
w i t h  t h e  PCM i n t e r f a c e  box of t h e  AM, i n d i c a t e s  t h a t  t h e  c o s t  of 
the t i m e  d i v i s i o n  approach could be very expensive.  I t  may be 
f r o m  cost arguments t h a t  w e  want t o  forego t h e  combined l o w  ra te  
mode and t r a n s m i t  only one or t w o  l o w  ra te  b i t  streams a t  a t i m e .  

Implementation of each of t h e s e  communications 
func t ions  w i l l  probably impact schedule  and cost more than  t h e  
rf p o r t i o n  of t h e  te rmina l  (e.g. antenna,  t r a n s m i t t e r s  and 
receivers). I n  the  remainder  of t h i s  memorandum, methods of 
implementation are discussed.  

V o i c e  

I t  i s  d e s i r a b l e  t o  i n t e g r a t e  t h e  voice  t r a n s m i t t e d  
f r o m  the I n t e l s a t  terminal  with t h e  h a r d l i n e  voice  system t o  
be provided throughout the OA. I t  i s  recognized t h a t  t h i s  
could be somewhat expensive and could p o s s i b l e  lead  t o  a new 
audio c e n t e r  somewhere i n  the  OA t o  provide t h e  i n t e r f a c e  and 
c o n t r o l s  for  t h e  te rmina l .  A n  a l t e r n a t e  and cheaper approach 
may be t o  provide voice t o  t h e  I n t e l s a t  t e rmina l  from only one 
l o c a t i o n  t h a t  i s  independent of t h e  normal OA voice  intercom 
sys  t e m .  

Up D a t a  

I t  i s  proposed t h a t  t h e  l i n k  t o  t h e  OA provid ing  up 
d a t a  be modulated with t h e  one and t w o  k i l o h e r t z  tones  and t h a t  
t h e  i n t e r f a c e  w i t h  t h e  AM (only) up d a t a  system be t h a t  which 
normally e x i s t s  between a UHF command receiver and t h e  up data  
l i n k  equipment. Other  a l t e r n a t i v e s  are p o s s i b l e  b u t  do n o t  
s e e m  t o  be a s  a t t rac t ive  i n  the  des ign  of t h e  system f o r  t h i s  
func t ion .  
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Telemetry 

Three down l i n k  te lemet ry  modes have been t e n t a t i v e l y  
i d e n t i f i e d  f o r  t ransmiss ion  from t h e  OA. I t  i s  recommended t h a t  
costs associated wi th  each be i d e n t i f i e d  sepa ra t e ly .  For 
example, it may be s imple t o  t r a n s m i t  AM te lemet ry  i f  t h e  
te rmina l  c o n t r o l  w e r e  i n  t he  AM, b u t  much more d i f f i c u l t  and 
expensive t o  make a v a i l a b l e  te lemet ry  from t h e  ATM and t h e  CSM. 
I t  i s  a l s o  recommended t h a t  t h e  need f o r  d a t a  mode 3 be 
reeva lua ted  because of t h e  implied d i f f i c u l t y  i n  implementation. 
Rather than a complete d e l e t i o n ,  it may be s impler  t o  t r a n s m i t  
one o r  two l o w  ra te  b i t  streams a t  a t i m e  i n  l i e u  of a l l  f i v e .  
The t ransmiss ion  of one b i t  s t ream, f o r  example 51.2 kbps from 
t h e  AM, would probably be s u f f i c i e n t  t o  provide a good 
o p e r a t i o n a l  demonstration of t h e  use of I n t e l s a t  I V  a s  a r e l a y  
s a t e l l i t e .  

Conclusions 

Several ways of implementing a communications t e r m i n a l  
on t h e  SWS (AAP-1) t o  work with an I n t e l s a t  I T 7  communications 
s a t e l l i t e  have been discussed.  T o  provide a f u l l y  i n t e g r a t e d  
t e rmina l  ( p a r t i c u l a r l y  voice and t e l eme t ry )  looks t o  be 
p o t e n t i a l l y  very expensive. I n  determining c o s t  and schedule  
impacts ,  
inc lude :  

3 )  

4 )  

5) 

a l t e r n a t i v e  conf igura t ions  should be eva lua ted .  These 

Varying antenna s i z e s  

Making t h e  voice c a p a b i l i t y  from t h e  t e rmina l  
independent from the OA audio i n t e r c o m  sys  t e m  

Providing fewer da t a  modes than  have been t e n t a t i v e l y  
i d e n t i f i e d  as requi red  

Reevaluate t h e  requirement f o r  t h e  t h i r d  data mode 
t h a t  combines f i v e  low b i t  r a t e  data streams 

Possible  reeva lua t ion  of t h e  dua l  frequency - t w o  
l i n k s  up and down approach - f o r  example a s i n g l e  
l i n k  may be cheaper because t h e  mul t ip lex ing  - de- 
mul t ip lex ing  system i s  s impler  than a t w o  channe l  
r f s y s  t e m .  

I t  is  recommended also t h a t  information from Reference 
1 be used t o  derive a t e n t a t i v e  b a s e l i n e  f o r  t h e  AAP-Intelsat I V  
t e rmina l  and t h a t  t h e  proposed D a t a  Mode 3 be added t o  t h i s  
b a s e l i n e  a f t e r  eva lua t ion  of requirements f o r  t h i s  mode are 
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complete. For convenience, Tables I11 and I V  f r o m  Reference 1 
are attached. I t  should be noted t h a t  no margin i s  inc luded  
i n  t h e s e  t e rmina l  parameters and rea l  w o r l d  implementation 
could expand these requirements.  They do assume, however, 
t h a t  ope ra t ion  w i t h  t h e  I n t e l s a t  I V  i s  a t  t h e  beamedge of i t s  
g l o b a l  coverage horn where s a t e l l i t e  ga in  is  t h e  l o w e s t .  
Operation a t  t h i s  p o i n t  on t h e  I n t e l s a t  antenna w i l l  occur  f o r  
shor t  pe r iods  only  dur ing  a r evo lu t ion  of  t h e  SWS. 

2034-RLS-mbr 

Attachments 
Tables I11 and I V  

R:L. Selden 
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